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ABSTRACT
Modal analysis is the study of the dynamic properties of structures under vibrational
excitation. The purpose of this study is to determine the dynamic behavior of notched 
beam for various distances and notch size and their effect on natural frequency. In this 
project, six beams are used to perform in simulation and experimental hammer test. 
Finite Element Analysis (FEA) comprise of a computer model of a material that is 
stressed and analyzed for specific results. ALGOR Fempro is used to analyze the model 
that build in SOLIDWORK. After modeling the beam with dimension as desired in 
Solidwork software, CAE Analysis or ALGOR Fempro used to simulate the beam to 
obtain natural frequency. The finite element model of the components was analyzed 
using the Natural Frequency (modal) approaches. Finally, the natural frequency obtain 
from the result of analysis are known as simulation result. In the experimental hammer 
test, natural frequencies are obtained from Frequency Response Function (FRF) graph
using PULSE Labshop Software. Relationship between results of experimental and 
simulation showed the effect of notch on beam with both distance and depth. It is shown 
that the natural frequency is decreasing with the increasing of distance of notch and 
depth of notch on beams.
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ABSTRAK
Analisis Modal adalah kajian tentang sifat-sifat dinamik dari struktur di bawah eksitasi 
getaran. Tujuan dari penelitian ini adalah untuk menentukan perilaku dinamik dari 
angka berlekuk untuk jarak dan saiz lekukan dan kesannya pada frekuensi semulajadi. 
Dalam projek ini, enam model digunakan untuk digunakan di simulasi dan eksperimen 
uji palu. Analisis Elemen Infiniti (FEA) terdiri daripada sebuah model komputer dari 
suatu material yang stres dan dianalisis untuk mendapatkan hasil tertentu. ALGOR 
Fempro digunakan untuk menganalisis model yang dimodelkan di Solidwork. Setelah 
pemodelan angka dengan dimensi yang dikehendaki dalam perisian solidwork, CAE 
Analisis atau ALGOR Fempro digunakan untuk mensimulasikan sinar untuk 
mendapatkan frekuensi semulajadi. Model elemen Infiniti model dianalisis 
menggunakan Frekuensi Semulajadi (modal) pendekatan. Akhirnya, frekuensi 
semulajadi diperolehi daripada hasil analisis dikenali sebagai hasil simulasi. Dalam uji 
eksperimental palu, frekuensi semulajadi diperolehi daripada Fungsi Respon Frekuensi 
(FRF) grafik menggunakan PULSE Labshop Software. Hubungan antara kesan
eksperimen dan simulasi menunjukkan kesan takuk pada model melalui jarak dan 
kedalaman. Ini menunjukkan frekuensi semulajadi menurun dengan peningkatan jarak 
lekukan dan kedalaman lekukan di model.
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CHAPTER 1
INTRODUCTION
1.1 PROJECT OVERVIEW
Modal analysis is the process of determining the inherent dynamics 
characteristics of a system in forms of natural frequencies. The goal of modal 
analysis in structural mechanics is to determine the natural mode shapes and frequencies 
of an object or structure during free vibration. Commonly, the finite element method
(FEM) is used to perform this analysis because, like other calculations using the FEM, 
the object that being analyzed can have arbitrary shape and the results of the 
calculations are acceptable. The types of equations which arise from modal analysis are 
those seen in eigensystems.
The connection between the natural frequency and resonance of the beam that 
had been notched at a variety place and as desired in experiment is to be figure out. 
Natural frequency is the frequency or frequencies at which an object tends to vibrate 
with when hit, struck, plucked, strummed or somehow disturbed. 
Frequency = speed/wavelength                                      (1.1)
Resonance is the tendency of a system (usually a linear system) to oscillate at 
larger amplitude at some frequencies than at others. Also known as resonant frequencies 
and at these frequencies, even small periodic driving forces can produce large amplitude 
oscillations. This project will studied more on mechanical resonance. 
2Resonances occur when a system is able to store and easily transfer energy 
between two or more different storage modes (such as kinetic energy and potential 
energy in the case of a pendulum). However, there are some losses from cycle to cycle, 
called damping. When damping is small, the resonant frequency is approximately equal 
to a natural frequency of the system, which is a frequency of unforced vibrations. Some 
systems have multiple, distinct, resonant frequencies.
Resonance phenomena occur with all types of vibrations or waves: there is 
mechanical resonance, acoustic resonance, electromagnetic resonance, nuclear magnetic 
resonance (NMR), electron spin resonance (ESR) and resonance of quantum wave 
functions. Resonant systems can be used to generate vibrations of a specific frequency 
(e.g. musical instruments), or pick out specific frequencies from a complex vibration 
containing many frequencies.
Mechanical resonance is the tendency of a mechanical system to absorb more 
energy when the frequency of its oscillations matches the system's natural frequency of 
vibration than it does at other frequencies. It may cause violent swaying motions and 
even catastrophic failure in improperly constructed structures including bridges, 
buildings, and airplanes. Engineers when designing objects must ensure that the 
mechanical resonant frequencies of the component parts do not match driving 
vibrational frequencies of the motors or other oscillating parts a phenomenon known as 
resonance disaster.
This project is using beam as material to test for it’s vibration, frequency 
occurance and resonance that may be used for benefical in engineering sector. Modal 
testing is to be used for this notched beam to determining its natural frequencies in it 
system. Hammer test will be used, a fixed response location is used while alternatively 
moving force excitation points.
31.2 PROBLEM STATEMENT
Nowadays, there are a lot of building and structures are to build as development 
of new era of globalization and the theory of resonance, frequency and others must be 
considered and put it in the test. Some of the problems that been recognized are:
i. If the frequency that occurred in system such as bridge is same as natural 
frequency of the bridge, it will then facing failure and costly a lot.
ii. There are a lot of factors that may disturb and influence building and structures 
that may cause unwanted resonance and frequency.
1.3 PROJECT OBJECTIVES
To determine the dynamic behavior of notched beam for various distance and 
notch size and their effect on natural frequency.
1.4 PROJECT SCOPES
The main project scopes are:
1) Selection of beam that need to be used in simulation and experiments.
2) Study and identify the mechanical properties of the material e.g. Density, 
modulus Young etc.
3) Undergo machining process to form notch on beam as desired dimension.
4) Modeling in CAD or Solidwork and do analysis (identify mode shape and 
natural frequency, ௡݂for first 6 models).
5) Carry out model analysis using available equipment called impact hammer test 
equipment.
6) Comparison between simulation and experiments.
41.5 THESIS ORGANIZATION
This thesis consists of 4 chapters. Chapter 1 will discuss about the Introduction 
to the Project. These first chapters briefly explain about the objective of the project, 
problem statement and project scopes. Chapter 2 is about the literature review.  Chapter 
3 will discuss the methods will be used, elaborating the sources from the research, and 
deciding the best tools that will be used to build and analyze the project. Chapter 4 is the 
conclusion and overall summary of the system, data, and methodology.
CHAPTER 2
LITERATURE REVIEW
2.1 INTRODUCTION
In the past two decade, many developments in areas such as engineering, science 
and technology have been using application of modal analysis. The practical 
applications of modal analysis are going to be a significant in the future and largely 
related to the advances in experimental technology. It was reported that the majority of 
practical application cases were came from aeronautical engineering, mechanical 
engineering and automotive engineering. This is not the cause that the application of 
modal analysis is can’t be becoming more strongly widely used in others area. 
Enormous applications of structural dynamics will succeed by depending on 
accurate mathematical model for using dynamic structure such as a model can be 
derived from the finite element modeling.  
In 1943, R. Courant become the first person developed FEA when he was 
managed to utilized the Ritz method of numerical analysis and minimization of 
variational calculus to obtain approximate solutions to vibration systems. FEA was 
limited use by early 70’s to expensive mainframe computers generally owned by the 
aeronautics, automotive, defense, and nuclear industries. Later, FEA has been 
developed to an incredible precision since the rapid decline in the cost of computers and 
the phenomenal increase in computing power. Supercomputer nowadays seems to 
calculate and produce accurate data for all parameters. 
62.2 MODAL ANALYSIS
Modal analysis is to determine the frequencies at a system that are apparently 
occur analytically. In addition, modal shapes which the system assumes are the 
properties of the system are also to be analyzed. Vibration modes is a crucial part or 
component in such a design that to be analyzed. Structural elements such as complex 
steel floor systems can be specifically liable to noticeable vibration, irritating building 
occupants or interrupting sensitive equipment.
Intrinsic or inherent vibrations modes in many of structural components or 
mechanical systems are so depending on research on how to avoid them from shorten 
equipment life where unpredicted failure occurs. Moreover it will result in risky 
situations. To estimate the possible for failure or damage resulting from rapid stress 
cycles of vibration, detailed fatigue analysis is required. To understand the natural 
vibration modes of a system whereby the massive amount of energy acting on a system 
during seismic activity varies with frequency, detailed seismic qualification are needed. 
Detailed modal analysis discovers the basic of vibration mode shapes and equivalent 
frequencies. These are simply simple for basic components of a simple system. For 
complex device or complicated structure exposed to periodic wind loading, it is 
extremely complicated to qualifying it. Hence, using techniques such as Finite Element 
Analysis (FEA) is one of most successful method to obtained accurate determination of 
natural frequencies and mode shapes. 
In other word, modal analysis studied the dynamic properties of mechanical 
structure under dynamic excitation which are resonant frequency, mode shapes and 
damping. For more simple approach, in Figure 2.1, a plate will be taken as a theoretical 
example and a force that varies in a sinusoidal fashion on one corner. Then, the rate of 
oscillation (frequency rate) of the sinusoidal force will be change but the peak force 
remains unchanged. After that, the response of the excitation with an accelerometer 
attached to the other corner of the plate will be compute.
7Figure 2.1: Hammer test
[Source http://www.lmsintl.com/modal-analysis]
The measured amplitude can be diverse according on the frequency rate of the 
input force. The response amplifies as a force with a frequency rate that gets closer and 
closer to the system’s resonant or natural frequencies. From the time data that was 
taken, the functional peaks that take place at the resonant frequencies of the system can 
be observed after transform it to the frequency domain using a Fast Fourier Transform 
algorithm to compute something called the “frequency response function”.
Figure 2.2 shows the deformation patterns of simple plate (bending, twisting, 
torsioning and etc) at these resonant frequencies take on a variety shapes depending on 
the excitation force frequency. These deformation patterns are referred to as the 
structure’s mode shapes. 
8Figure 2.2: Simple plate sine dwell responses
Structural damping provides information about how quickly the structure 
dissipates vibration energy and returns to rest when the excitation force is removed.
Damping graph of excitation force is shown in Figure 2.3.
Figure 2.3: Damping graph
